We have calculated self-consistent field (SCF) and second-order Møller-Plesset perturbation theory (MP2) for the dihaloethynes X-C≡C-X, X = F, Cl, Br and I. All 
Introduction
The dihaloethynes X-C≡C-X (X = F, Cl, Br and I) represent a multiply interesting class of molecules. Difluoroethyne and dichloroethyne [1, 2] , dibromoethyne [3] and diiodoethyne [4] are of interest to polymer science. Dichloroethyne is a very toxic molecule [5] and its determination in environmental atmospheres containing halogenated hydrocarbons is an important problem [6] . The structure and chemical bonding of dichloroethyne, dibromoethyne and diiodoethyne complexes has attracted some attention [7] [8] [9] . Although in the past decade numerous experimental and spectroscopic studies have focused on the determination of the structure and spectroscopic properties of dihaloethynes [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , very little is known about their electric properties. The development of the theory of electric multipole moments and polarizabilities [21, 22] has made a decisive contribution to our understanding of fundamental phenomena in many areas of importance to molecular science [23] .
Specific directions include the rigorous modeling of intermolecular interactions [24] , nonlinear optics [25] , collision-and interaction-induced spectroscopy [26] and the simulation of fluids [27] . The systematic use of electric polarizabilities in modeling the pharmacological activity of molecular substances [28] and in quantitative structure-activity relationship (QSAR) studies [29] has also been noted.
In this paper we report a systematic study of the electric properties of the dihalogenated ethynes.
The calculation of the properties relies on the finite-field method [30] . Our approach has been presented in some detail in previous work [31] [32] [33] [34] . We put emphasis on the design of large, flexible basis sets of gaussian-type functions. The determination of reference, near-Hartree-Fock results or the stability of post-Hartree-Fock values depends strongly on the quality of the basis sets employed in the calculations [35, 36] .
Theory
The energy of uncharged molecule in a weak, static electric field can be written as [37, 38] 
In eq (1), F α , F αβ , etc are the field, field gradient, etc at the origin. E 0 , µ α 0 , Θ αβ 0 , Ω αβγδ 0 and Φ αβγδ 0 are the energy and the dipole, quadrupole, octopole and hexadecapole moment of the free molecule. The higher terms are the second, third and fourth-order properties, the dipole polarizability (α αβ ), the first (β αβγ ) and second (γ αβγδ ) dipole hyperpolarizability, the dipole-quadrupole polarizability (A α,βγ ), the quadrupole polarizability (C αβ,γδ ), the dipole-octopole polarizability (E α,βγδ ) and the dipole-dipolequadrupole hyperpolarizability (B αβ,γδ ). The subscripts denote Cartesian components and a repeated subscript implies summation over x, y and z. The number of independent components needed to describe the electric multipole moment or polarizability tensors depends on the molecular symmetry [37] . The properties of interest in this work are the multipole moments and the static dipole (hyper)polarizability. For linear non-polar molecules, as the dihalogenated ethynes, µ α 0 = Ω αβγ 0 = 0, while there is only one independent component for either the quadrupole or the hexadecapole moment [37] . With z as the molecular axis we adopt Θ zz 0 and Φ zzzz 0 as the independent components.
Simplifying notation we denote them as Θ ≡ Θ zz 0 and Φ ≡ Φ zzzz 0 . For the (hyper)polarizability there are two independent components for α αβ and three for γ αβγδ [37] . We specify α αβ by α zz and α xx and γ αβγδ by γ zzzz , γ xxzz and γ xxzz . In addition to the Cartesian components we also calculate mean values and anisotropies for the (hyper)polarizability defined as [37] α = (α zz + 2α xx )/3 ∆α = α zz -α xx γ = (3γ zzzz + 8γ xxxx + 12γ xxzz )/15
The expansion of eq (1) displays fast convergence for very weak electric fields. We extract the dipole (hyper)polarizability values from the energy of the molecule perturbed by weak, static homogeneous fields [32] . Our approach allows a uniform treatment of Hartree-Fock and post-HartreeFock levels of theory. Electron correlation effects are taken into account by second-order Møller-Plesset perturbation theory (MP2). A complete presentation of this method can be found in standard textbooks [39, 40] or review papers [41] .
All values of the quadrupole and hexadecapole moment are calculated from the induced multipole moments. Thus, the MP2 values of Θ and Φ are obtained through the MP2 density [42] .
Computational details
All basis sets used in this work were especially designed for the dihaloethynes. This ensures the calculation of reference values for the electric properties. Details on the computational philosophy that underlines the construction of these basis sets may be found in previous work [32] . 
Results and discussion
The calculated values for the four dihaloethynes are given in Tables 1(FCCF), For all calculations performed with the large basis sets, electron correlation reduces the magnitude of the electric moments for all dihaloethynes. This is not the case with the small basis sets where the opposite effect is observed for the hexadecapole moment of BrCCBr and both moments of ICCI. It is rather obvious that one needs basis sets rich enough in d-and f-GTF to obtain very reliable theoretical predictions for the electric moments. Nevertheless, our MP2 values calculated with the F1, C1, B1 and I1 basis sets should be expected to give a fair picture of the change of Θ and Φ in the sequence XCCX, X = F, Cl, Br, I. Dipole polarizability. As all basis sets used in this study contain polarization functions optimized for the dipole polarizability, it is reasonable to expect a fair agreement between the SCF values calculated with the small and the large sets. Thus, for the mean polarizability α /e shows that the transversal component is significantly larger than the longitudinal one, γ xxxx > γ zzzz .
Consequently, the anisotropy ∆ 1 γ is large and negative. This effect is reversed for the higher dihaloethynes, as now γ zzzz is much larger than γ xxxx and the anisotropy ∆ 1 γ is positive and increases considerably as Cl→I. Moreover, ∆ 1 γ > ∆ 2 γ in all cases.
Electron correlation has a very strong effect on the hyperpolarizability. Comparison with previous results. The experimental determination of the electric properties of the dihaloethynes does not seem to have attracted attention. We are aware of only one theoretical determination of the electric polarizability of these molecules. An early paper of Lippincott et al. [52] relied on the δ-function model of chemical binding [53, 54] . These values offer a rather reasonable estimate of the evolution of the dipole polarizability of the dihaloethynes.
Concluding remarks
We have calculated electric moments and dipole (hyper)polarizabilities for the dihaloethynes. Our findings bring forth many interesting trends in the evolution of the electric properties for the sequence 
